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FIELD OF THE INVENTION 


The present invention relates generally to storage systems for storing 
data. More specifically, the present invention relates a system and method for 
controlling disk drives to enable high-density packaging of disk drives. 


Disk drives are widely used in computers and data processing systems 
for storing information in digital form. In conventional disk drives, a transducer 
"flies" upon an air bearing in very close proximity to a storage surface of a 
rotating data storage disk. The storage surface carries a thin film of magnetic 
material having a multiplicity of magnetic storage domains that may be 
recorded and read back by the transducer. 

As computer use continues to increase, there is naturally a 
corresponding increase in the need to find sufficient data storage space for the 
data on the computer. Presently, storage systems are used to backup data 
from computer systems. One type of storage system utilizes one or more tape 
drives and one or more tape cartridges. Tape storage systems are relatively 
inexpensive to operate and can store relatively large amounts of data. 
However, tape backup systems provide relatively slow access to the data. 


BACKGROUND 


Another type of storage system utilizes a plurality of disk drives that are 
positioned within a housing. Disk storage systems provide relatively quick 
access to data. Unfortunately, the disk drives can generate significant 
amounts of heat energy during normal operation. This heat energy must be 
5 removed from the housing to inhibit the disk drives from reaching or exceeding 
the maximum operating temperature, which may cause one or more of the disk 
drives to fail prematurely. 

A typical cooling system relies upon moving large volumes of air across 
the disk drives to remove the heat energy. This type of cooling system requires 
10 relatively large open spaces around the disk drives. The necessity of these 
open spaces limits the overall density of the disk drives relative to the 
volumetric space of the storage system. 

When used for primary storage, there is also a strong motivation to have 
each individual disk drive be easily accessible for the purposes of replacing 
15 failed drives without having to power down the entire unit or affect the 
operation of other non-failed drives. This also places limitations on how 
ni densely disk drives may be packaged in a disk array. If the disk array is used 

for infrequently accessed data, such as would be the case for a secondary 
storage array, an array used for backup purposes, or an array emulating a tape 
20 drive system, the requirements for physical accessibility of individual drives can 
be greatly relaxed allow much greater packing densities. Furthermore, short 
periods of inaccessibility or delays in access are generally tolerable in these 
types of applications. 

In light of the above, there is a need for a storage system having a 
25 relatively large data storage capacity and a relatively small system footprint. 
Additionally, there is a need for a storage system that reduces the amount of 
heat generated by the storage system. Further, there is a need for a storage 
system having enhanced reliability and durability. 

SUMMARY 

30 The present invention is directed to a storage system that stores data 

from a host system. The storage system includes a plurality of disk drives, and 
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a controller that controls the disk drives. As provided herein, at least one of the 
disk drives is in a stand-by mode and one of the disk drives is in a write/read 
mode during the transfer of data to the storage system. By maintaining some 
of the disk drives in the standby mode, the power requirements for the overall 
5 storage system is significantly reduced. Reducing the power requirements has 
the benefit of reducing the total heat generated by the system. This allows the 
disk drives to be packed closer together than would be possible if all of the disk 
drives were spinning continuously. This also significantly reduces the overall 
cost of the storage system by reducing the capacity of the power supplies 
10 needed and the maximum internal data bandwidth required. Additionally, by 
spinning up only those disk drives required for the data transfer, this improves 
the ruggedness and durability of storage system. 

In one embodiment, the controller directs data to a first drive subset of 
disk drives and a second drive subset of disk drives simultaneously. In this 
15 embodiment, at least one of the subsets can include five disk drives. 

During a data transfer, the percentage of the disk drives of the storage 
system in the write/read mode can vary according to the design requirements 
of the storage system. For example, in one embodiment, during a data 
□ transfer, one third of the disk drives are in the write/read mode while two-thirds 

Iy 20 of the disk drives are in the stand-by mode. Alternately, in another 
embodiment, during a data transfer, one half of the disk drives are in the 
write/read mode while one half of the disk drives are in the stand-by mode. 
Still alternately, in another embodiment, during a data transfer, as few as one 
or two disk drives may be in the write/read mode while the remainder of the 
25 disk drives are in the stand-by mode. 

The present invention is also directed to a method to transfer data, and 
a combination that includes the storage system and the host system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


The novel features of this invention, as well as the invention itself, both 
30 as to its structure and its operation, will be best understood from the 
accompanying drawings, taken in conjunction with the accompanying 
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description, in which similar reference characters refer to similar parts, and in 
which: 

Figure 1A is a perspective view of a data storage system and a host 
system having features of the present invention; 
5 Figure 1 B is a front plan view of a portion of the storage system; 

Figure 2 is a partially exploded perspective view of the data storage 
system of Figure 1 A; 

Figure 3 is an exploded perspective view of a drive rail and a drive pack 
having features of the present invention; 
10 Figure 4 is a simplified top illustration of a portion of a disk drive that can 

M be used with the present invention; and 
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□ Figure 5 is a simplified perspective illustration of the data storage 

system and the host system. 
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DESCRIPTION 


15 Figure 1A illustrates a combination 10 that includes a host system 12 


Ul (illustrated as a box) and data storage system 14. The host system 12 

accesses the data storage system 14 to read and write data. The data storage 
system 14 can be used with a number of alternate host systems 12. For 
example, the host system 12 can be a single computer or a plurality of 
20 computers that are linked with a network or common Input/Output bus or 
channel. Alternately, for example, the host system 12 can be an application 
specific machine that needs access to digital data such as a broadcast video 
player. 

The host system 12 can be electrically connected to the storage system 
25 14 via a fibre-channel interface. Alternately, for example, the host interface 
could be parallel SCSI, gigabit Ethernet, Firewire, or any of a number of 
different host interfaces. 

In Figure 1A, the host system 12 includes a host storage device 16 that 
stores the data from the host system 12 in real time. In this embodiment, the 
30 data storage system 14 provides a backup copy, e.g. a mirror image of the 
data stored on the host storage system 16. With this design, the storage 


4 


f 


system 14 can be used to restore the data to the host system 12 in the event 
the host storage device 16 is damaged and/or destroyed. 

How frequently, the data from the host storage device 16 is copied to 
the storage system 14 can vary. For example, the data can be copied to the 
5 storage system 14 once a week, once every day, every hour, every minute or 
in increments of a minute. 

As provided herein, the data storage system 14 allows for the relatively 
rapid backing up of data. Further, the data storage system 14 provides a 
relatively large data storage capacity within a relatively small system footprint. 
10 Additionally, the data storage system 14 has enhanced reliability and durability. 

The storage system 14 provided herein can be used for other data 
protection environments other than backup and restore. For example, the 
storage system 14 can be designed to be the primary storage for the host 
Ul system 12. More specifically, for example, this device could be used as the 

Vi 15 primary storage for specific applications such as video stream serving. 

The design of the storage system 14 and the components in the storage 
system 14 can be varied. In the embodiment illustrated in Figure 1A, the 
storage system 14 includes a housing 18, a first drive rail 20, a second drive 
q rail 22, a plurality of brackets 24, a fluid source 26, one or more power supplies 

Iy 20 28, a plurality of disk drives 30 and a controller 32. An alternate embodiment 
may employ a plurality of controllers 32. With this design, the storage system 
14 will still be able to operate in the event that one of the controllers 32 fails. 
The storage system 14 illustrated in Figure 1A is sized and shaped to be 
mounted in a standard 19 inch rack enclosure. Alternately, the storage system 
25 14 could be designed for other sized rack enclosures or for a standalone table- 
top configuration. 

The housing 18 supports the components of the storage system 14. In 
Figure 1A, the housing 18 is generally rectangular frame shaped and encircles 
the components of the storage system 14. The housing 18 can be made of 
30 metal or another suitable rigid structure. The housing 18 can include (i) a front 
housing side 34 having an LCD operator control panel 36, a left vent 38, and a 
spaced apart right vent 40, (ii) a rear housing side 42. (iii) a left housing side 
44, (iv) a right housing side 46, and (v) a passive mid-wall 48 that extends 


r'1 


5 



transversely between the housing sides 44, 46. The mid-wall 48 separates the 
fluid source 26, the power supplies 28, and controller 32 from the disk drives 
30. 

The drive rails 20, 22 secure the brackets 24 to the housing 18. Figure 
5 1B illustrates a front view of the storage system 14 with the front housing side 
removed. Figure 1 B illustrates that the first drive rail 20 cooperates with the left 
housing side 44 to define a left rail channel 50 and the second drive rail 22 
cooperates with the right housing side 46 to define a right rail channel 52. The 
channels 50, 52 are used for cooling the disk drives 30. More specifically, 

10 referring to Figures 1A and 1B, heat from the disk drives 30 is transferred to 
the brackets 24 and subsequently to the drive rails 20, 22 via conduction. 
Subsequently, fluid from the fluid source 26 is directed through the rail 
channels 50, 52 to cool the drive rails 20, 22 via convection. In this 
embodiment, because conduction is used to transfer heat from the disk drives 

15 30, the space between the disk drives 30 can be minimized. As a result 
thereof, more disk drives 30 can be positioned in a given area and the storage 
system 14 can store a relatively large amount of data. 

In Figure 1A, each drive rail 20, 22 is designed to receive five brackets 
24. However, each drive rail 20, 22 could be designed to receive more than 

20 five or less than five brackets 24 depending upon the particular requirements of 
the storage system 14. In Figure 1A, the brackets 24 are mounted on the drive 
rails 20,22 with a minimal amount of horizontal spacing between the individual 
brackets 24. This helps to enable more data to be stored in a smaller physical 
space. It should be noted that the storage system 14 could be designed with 

25 less than two or more than two drive rails 20, 22. 

As can be seen in Figure 1B, each drive rail 20, 22 can include one or 
more fins 53 that cantilever into the respective channel 50, 52. The fins 53 
enhance heat transfer from the drive rails 20, 22 because the surface area of 
the drive rails 20, 22 that is exposed to the fluid flowing through the channels 

30 50, 52 is increased. 

Additionally, each drive rail 20, 22 can include a handle 55 that 
facilitates the removal of the drive rails 20, 22 and the disk drives 30 attached 
to the drive rails 20, 22 out of the housing 18. In Figure 1B, each handle is 


• 


substantially C-shaped. The handle 55 is designed to rotate between a closed 
position and an open position. When not in use, the handle 55 is biased to 
return to the closed position. 

The brackets 24 secure the disk drives 30 to the drive rails 20, 22. In 
5 Figure 1A, five brackets 24 are used to secure fifteen disk drives 30 to the first 
drive rail 20 and five brackets 24 are used to secure fifteen disk drives 30 to 
the second drive rail 22. Alternately, the storage system 14 could be designed 
with more than ten or less than ten brackets 24. 

Additionally, the storage system 14 can include one or more fasteners 
10 (not shown in Figure 1A) that allow for the relatively quick and easy removal of 

H the brackets 24 from the drive rails 20, 22. This facilitates removal and/or 

P 

p replacement of one or more of the disk drives 30. 

2i The brackets 24 and the drive rails 20, 22 are made of a rigid material. 

i y 

Ul The brackets 24 and drive rails 20, 22 can be made of a material having a 

LI 15 relatively high coefficient of thermal conductivity to enhance the conduction 
* cooling of the disk drives 30. For example, the brackets 24 and the drive rails 

Pj 20, 22 can be made from a copper alloy such as copper alloy 110 or an 

Jjjjj aluminum alloy. Alternatively, other materials with similarly high thermal 

C3 conductivities may be utilized. With this design, the brackets 24 and the drive 

20 rails 20, 22 enable much of the heat generated from the operation of the disk 

drives 30 to be transferred away from the disk drives 30 and toward the drive 

rails 20, 22. 

A thermal gasket (not shown) can be used (i) at the mounting interface 
of the disk drives 30 and the respective brackets 24, and (ii) at the mounting 

25 interface of the brackets 24 and the drive rails 20, 22 to enhance conduction. 

The fluid source 26 provides fluid that is moved through the storage 
system 14 to remove heat away from the storage system 14. In Figure 1A, the 
fluid source 26 includes dual redundant fans that pull fluid, e.g. air, primarily 
through the rail channels 50, 52 to cool the disk drives 30. With this design, 

30 the storage system 14 will still be able to operate in the event that one of the 
fluid sources 26 fails. Alternately, for example, the fluid could be blown 
through the rail channels 50, 52. Still alternately, a single fan could be used to 
cool the storage system 14. 
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It should be noted, in the embodiment illustrated in Figure 1A, the fluid 
source 26 also pulls a relatively small amount of fluid from around the disk 
drives 30 to provide a small amount of convection cooling of the disk drives 30. 
In yet another embodiment, the storage system 14 could be designed to 
5 primarily utilize convection cooling of the disk drives 30. 

The one or more power supplies 28 direct current to the disk drives 30 
to operate and control the disk drives 30. Two power supplies 28 can be 
utilized to provide redundancy. With this design, the storage system 14 will still 
be able to operate in the event that one of the power supplies 28 fails. 
10 Alternately, a single power supply 28 could be utilized. 
(,& The number of disk drives 30 utilized in the storage system 14 can be 

pi varied to suit the storage requirements of the storage system 14. For example, 

in Figure 1A, the storage system 14 includes thirty disk drives 30 (the top ten 
disk drives 30 can be seen in Figure 1 A, and the six front disk drives 30 can be 
15 seen in Figure 1B). Alternately, for example, the storage system 14 could be 
designed with more than thirty or less than thirty disk drives 30. For example, 
the storage system 14 could be designed with only fifteen disk drives 30. 

It should be noted that the combination of the first drive rail 20, the five 
n brackets 24 secured to the first drive rail 20 and the fifteen disk drives 30 

W 20 secured with the five brackets 24 to the first drive rail 20 are collectively 
referred to as the first rail assembly 54. Somewhat similarly, the combination 
of the second drive rail 22, the five brackets 24 secured to the second drive rail 
22 and the fifteen disk drives 30 secured with the five brackets 24 to the 
second drive rail 22 are collectively referred to as the second rail assembly 56. 
25 The storage system 14 can be designed with less than two or more than two 
rail assemblies 54, 56. 

Figure 2 illustrates a partly exploded perspective view of the storage 
system 14. More specifically, Figure 2 illustrates the storage system 14 with 
the first rail assembly 54 removed from the housing 18 and the second rail 
30 assembly 56 remaining in the housing 18. In the embodiment illustrated in 
Figure 2, each rail assembly 54, 56 can be easily removed to test, repair and/or 
replace the disk drives 30. 
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It should also be noted that Figure 2 includes a coordinate system that 
designates an X axis, a Y axis that is orthogonal to the X axis, and a Z axis that 
is orthogonal to the X and Y axes. It should be noted that these designations 
are arbitrary and the storage system 14 can be rotated relative to the 
5 coordinate system. Further, the X, Y and Z axes can also be referred to herein 
as the first, second and third axes respectively. 

Figure 2 illustrates that the first rail assembly 54 includes fifteen disk 
drives 30 that are secured with five brackets 24 to the first drive rail 20. As 
viewed in Figure 2, for the first rail assembly 54, the disk drives 30 are 
10 arranged in three, spaced apart rows that extend along the X axis, namely an 
upper, first row 58F, an intermediate, second row 58S, and a bottom, third row 
a 58T. In this embodiment, each row 58F, 58S, 58T includes five disk drives 30. 

pj Stated another way, the disk drives 30 are arranged in five, spaced apart 

columns 60 that extend along the Z axis. Each column 60 includes three disk 
15 drives 30. However, it should be noted that the first rail assembly 54 could be 
designed so that each row 58F, 58S, 58T contained more than five or less than 
five disk drives 30 and/or each column 60 contained more than three or less 
than three disk drives 30. 

As used herein, the term drive pack 62 refers to the combination of one 
20 bracket 24 and the disk drives 30 secured to that bracket 24. In the 
embodiment illustrated in Figure 2, each drive pack 62 includes three disk 
drives 30 and the first rail assembly 54 includes five drive packs 62 

In Figure 2, the second rail assembly 56 is a mirror image of the first rail 
assembly 54. Alternately, the rail assemblies 54, 56 can have different 
25 designs. 

Figure 3 illustrates a perspective view of the first drive rail 20 and the 
bracket 24 and disk drives 30 from one of the drive packs 62 positioned away 
from the first drive rail 20. Figure 3 illustrates that the bracket 24 is 
substantially "U" shaped and three disk drives 30 fit within the bracket 24. One 
30 or more fasteners (not shown) secure each disk drive 30 to one of the brackets 
24. While the first drive rail 20 is outside the housing 18, the drive packs 62 
can be easily removed from the drive rail 20 for service and/or replacement of 
one or more of the disk drives 30. 
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Figure 4 is a simplified illustration of a disk drive 30 that can be used in 
the present invention. In this embodiment, the disk drive 30 includes (i) a drive 
housing 402, (ii) one or more rotating, magnetic storage disks 404, (iii) a 
spindle motor 406 that rotates the storage disks 404, (iv) a head stack 
5 assembly 408, (iv) a ramp 410, and (v) electronics 412 (illustrated as a box). 
The head stack assembly 408 includes an E-block 414, one or more data 
transducers 416, and an actuator motor 418. The actuator motor 418 positions 
the transducers 416 relative to the storage disks 404. The actuator motor 418 
can be a voice coil motor. 
10 The head stack assembly 408 engages the ramp 410 to inhibit contact 

j, A between the transducers 416 and the storage disk 404 during non-rotation of 

the storage disks 404. During shut-down of the disk drive 30, the actuator 
motor 418 moves the head stack assembly 408 to engage the ramp 410. This 
inhibits damage to the head stack assembly 408 and the storage disks 404 
15 caused by contact between the head stack assembly 408 and the storage 
disks 404. As illustrated in Figure 4, the ramp 410 can be positioned near the 

outer diameter of the storage disk 404. Alternately, for example, a textured, 

PJ 

p non-data region (not shown) of the storage disk 404 can be used instead of the 

ramp 410. 

20 Each of the disk drives 30 can be controlled by the controller (not shown 

in Figure 4) to alternately be in a power-off mode, a standby mode, an idle 
mode, and a write/read mode. In the power-off mode, no power is delivered to 
the disk drive 30. In the standby mode, the electronics 412 are powered up, 
but the spindle motor 406 is not rotating the storage disks 404, e.g., the 
25 storage disks 404 are not spinning. In the idle mode, the electronics 412 are 
powered up and the spindle motor 406 is rotating the storage disks 404, but 
there is no write or read activity. In the write/read mode, the electronics 412 
are powered up, the spindle motor 406 is rotating the storage disks 404, and 
there is write or read activity. The power consumed by the disk drives 30, and 
30 therefore the heat generated from the disk drives 30, increase as you progress 
through each of these four modes. 
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In the present invention each of the disk drives 30 can be an ATA type 
disk drive. Alternately, each of the disk drives 30 can be a SCSI or fibre- 
channel type disk drive. 

Figure 5 is a schematic illustration of the host system 12, the controller 
5 32, and the disk drives 30 for the first rail assembly 54 and the second rail 
assembly 56. In Figure 5, each rail assembly 54, 56 includes three rows 58F, 
58S, 58T of disk drives 30. 

The controller 32 controls how data is transferred between the host 
system 12 and the disk drives 30. The controller 32 can include a processor 
10 and the appropriate software. The data can be transferred between the host 
H system 12 and the disk drives 30 in a number of different ways. As provided 

herein, not all of the disk drives 30 are utilized during a particular data transfer 

y between the host system 12 and the storage system 14. For example, one or 

PJ 

yi more of the disk drives 30 can be in the power-off mode, the standby mode or 

S5 2 

! J 15 the idle mode while one or more of the disk drives 30 are in the write/read 

N 

3 mode. Stated another way, not all of the disk drives 30 are in the write/read 

«1 mode at the same time. The disk drives 30 in the write/read mode are used to 

s : = 
s -rr 

P during data storage and retrieval operations. 

?i Because not all of the disk drives 30 are in the write/read mode during a 

iy 20 data transfer, the power consumed by the storage system 14 is reduced and 
the cooling requirements for the storage system 14 are reduced. The number 
of disk drives 30 in the write/read mode at a given time depends upon the 
ability of the storage system 14 to dissipate heat generated by the disk drives 
30 that are in the write/read mode. Given a maximum environmental 
25 temperature specification of the storage system 14 and maximum temperature 
specification for each of the disk drives 30, the present invention allows for 
higher density packaging of disk drives 30 within the storage system 14. 

Additionally, the total internal data bandwidth required by the storage 
system 14 is the product of the number of disk drives 30 that may 
30 simultaneously be in the write/read mode. By limiting the number of disk drives 
simultaneously in the write/read mode, the total internal bandwidth required by 
the storage system 14 is reduced. This decreases the hardware cost of the 
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storage system 14 by allowing the use of fewer internal data buses and lower 
performance components on the data buses. 

Moreover, the present invention reduces the amount of power required 
by the storage system 14, reduces the overall heat generated by the storage 
5 system 14, and decreases the overall size of the storage system 14. This 
decreases the hardware cost of the storage system 14, the electrical power 
requirements, and the cooling requirements. 

Additionally, by spinning up only those disk drives 30 required for the 
data transfer, this improves the ruggedness and durability of storage system 
10 14. In the type of disk drive 30 illustrated in Figure 4, the transducers 416 are 
u unloaded from the storage disks 404 when in the disk drive 30 is in the standby 

C3 mode. This increases the durability of the stored data. Also, regardless of 

sj type of disk drive 30 utilized, the act of spinning down the unused drives has a 

J!^ significant effect on harmonics in the storage system 14. 

U1 " 

PJ 15 Referring back to Figure 5, in the storage system 14, data can be 

s j ^ ■ 

J* directed simultaneously to a first active subset 500 of disk drives 30 and a 

P second active subset 502 of disk drives 30. In this design, the disk drives 30 

nj 

□ that are not in the first active subset 500 or the second active subset 502 are 

not used for the transfer of data. Alternately, the data can be directed to more 

nj 20 than two active subsets 500, 502 of disk drives 30 simultaneously or less than 
two active subsets 500, 502. 

With this design, only the disk drives 30 in the active subsets 500, 502 
will be in the write/read mode during data transfer. In contrast, the disk drives 
30 that are not within the active subsets 500, 502 can be in the standby mode. 
25 This reduces the amount of heat generated by the storage system 14, the 
power consumption of the storage system, and the amount of heat that must 
be removed from the storage system to prevent overheating of the disk drives 
30. 

The number of disk drives 30 in each active subset 500, 502 can vary 
30 according to the way that data is transferred to the active subsets 500, 502. In 
the design illustrated in Figure 5, the first active subset 500 can include five 
disk drives 30 and the second active subset 502 can also include five disk 
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drives 30. Alternately, for example, each active subset 500, 502 can include 
more than five or less than five disk drives 30. 

In Figure 5, each active subset 500, 502 is taken from one of the rows 
58F, 58S, 58T of disk drives 30. Further, the active subsets 500, 502 can be 
5 taken from the same rail assembly 54, 56 or from both rail assemblies 54, 56. 
For example, the first active subset 500 can be the five disk drives 30 in the 
first row 58F of the first rail assembly 54 and the second active subset 502 can 
be the five disk drives 30 in the first row 58 F of the second rail assembly 56. In 
this example, the disk drives 30 in the second rows 58S and the third rows 58T 

10 of the rail assemblies 54, 56 are in the standby mode during data transfer. 

/Clternately, the first active subset 500 can be the five disk drives 30 in 
the seconcNrow 58S of the first rail assembly 54 and the second active subset 
502 can the five^disk drives 30 in the third row 58T of the first rail assembly 54. 
In this example, thfesdisk drives 30 in the first row 58F of the first rail assembly 

15 54 and all of the dislodrives 30 in the second rail assembly 56 are in the 
standby mode during data n^nsfer. 

Still alternately, the first active subset 500 can be the five disk drives 30 
in the second row 58S of the first rail assembly 54 and the second active 
subset 502 can the five disk drives 30 in the third row 58T of the second rail 

20 assembly 56. In this example, the disk drives 30 in the first and third rows 58F, 
58T of the first rail assembly 54 and the disk drives 30 in the first and second 
rows 58F, 58S of the second rail assembly 56 are in the standby mode during 
data transfer. 

In each of these examples, for the first active subset 500, each disk 
25 drive is at the same position along the Z axis and each disk drive 30 is 
positioned in a different drive pack 62. Similarly, for the second active subset 
502, each disk drive 30 is at the same position along the Z axis and each disk 
drive 30 is positioned in a different drive pack 62. Alternately, for example, for 
each active subset 500, 502, each disk drive 30 could be at an alternate 
30 position along the Z axis. However, this could be more complicated to wire and 
control. 

In one embodiment of the present invention, each drive pack 62 is a 
field replaceable unit \r FRU. In this embodiment, no attempt is made to 
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replace ihdividual drives in the field; if a single drive fails the entire drive pack is 
swapped o^jt and returned to a service center where the good drives can be 
salvaged andsplaced back in the pool of spare service parts. It is important to 
note that in\he current implementation, RAID (Redundant Array of 
5 Independent DisKk) style parity protection is computed across each individual 
active subset 500, 502. Whereas RAID can tolerate the loss of a single drive's 
data and reconstruct it Irom the stored parity, RAID cannot tolerate or recover 
data if two or more diskk fail in the same RAID set. Because of this, the 
system does not have members of the same active subset 500 at different 
10 positions along the Z-axis inVie same drive pack (although they may be at 
different positions alond the Z-aAis in different drive packs). 

Additionally, in each of these examples, during a transfer operation, ten 
S J of the disk drives 30 are in the write/read mode and twenty of the disk drives 30 

Jii are in the standby mode at approximately the same time. Stated anther way, 

-J 15 one third of the disk drives 30 are in the write/read mode and two-thirds of the 
3 8 disk drives 30 are in the standby mode at the same time. 

In an alternate design, the storage system 14 can include a total of 
twenty disk drives 30. In this design, during a transfer operation, ten of the disk 
drives 30 can be in the write/read mode and ten of the disk drives 30 can be in 
W 20 the standby mode. Stated another way, one half of the disk drives 30 would be 
in the write/read mode and one half of the disk drives 30 would be in the 
standby mode. 

In yet another alternate design, the storage system 14 can include a 
total of fifteen disk drives 30. In this design, during a transfer operation, ten of 
25 the disk drives 30 can be in the write/read mode and five of the disk drives 30 
can be in the standby mode. Stated anther way, two-thirds of the disk drives 
30 are in the write/read mode and one third of the disk drives 30 are in the 
standby mode. 

When there is no activity between the host system 12 and the storage 
30 system 14, all disk drives 30 can be switched to the standby mode. This 
minimizes the power consumption of the storage system and the amount of 
heat generated by the storage system 14. Further, because the disk drives 30 
are in standby mode for much of the time, the failure rate of the disk drives 30 
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will tend to be lower than if the disk drives 30 were always in the idle mode or 
write/read mode. Because of the relatively large number of disk drives 30 in 
the storage system 14, this reduction in individual failure rate has a significant 
impact on the cost to maintain the storage system 14. 
5 Instead of putting all of the disk drives 30 in the standby mode when not 

being accessed for write or read operations, the disk drives 30 in the active 
subsets 500, 502 could be maintained in the idle mode. The advantage of this 
approach is that the response time of the storage system 14 for a backup or 
restore is faster, e.g. less than approximately 1 second. 
10 The storage system 14 can be made fault-tolerant by redundantly 

storing the data on the active subsets 500, 502. For example, data can be 
□ transferred to and from the active subsets 500, 502 using parity protection. 

With this design, the overall availability of the storage system 14 is not 
impacted by the failure of an individual disk drive 30. For example, data can be 
15 written to each active subset 500, 502 using RAID-3, RAID-4, or RAID-5 
algorithms. In the present invention, if Raid-3 is utilized, stripes of data at a 
byte level are stored across four of the disk drives 30 and parity is stored in 
one of the disk drives 30 in each of the active subsets 500, 502. Alternately, if 
Q RAID-4 is utilized, stripes of data at a block level are stored across four of the 

20 disk drives 30 and parity is stored in one of the disk drives 30 in each of the 
active subsets 500, 502. Still alternately, if RAID-5 is utilized, stripes of data at 
a block level are stored across five of the disk drives 30 and parity is distributed 
among the disk drives 30 in each of the active subsets 500, 502. 

When using RAID-3, RAID-4, RAID-5 configurations, a drive pack 62 
25 containing a failed drive 30 can be removed when the storage system 14 is in 
the idle mode ("warm swap") without any loss of information. The storage 
system 30 can rebuild the full RAID set from the information contained in the 
remaining four disk drives 30 in the active subsets 500, 502. 

Alternately, data can be written to each drive subset 500, 502 in a 
30 number of other fashions, including no RAID, RAID-1 (mirroring) or RAID-0 
(striping). With RAID-0 and no RAID, no redundant information is stored. 
Thus, failure of one of the disk drives 30 will result in a loss of data. RAID-1 
provides redundancy while transferring data to two or more disk drives 30. Still 
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alternately, RAID-2 could be utilized. RAID-2 uses Hamming error correction 
codes. 

In these alternate embodiments, the total number of drive subsets and 
the number of disk drives 30 in each subset can be quite different. Further, it is 
5 possible to write data to or read the data from smaller active subsets 500, 502 
of disk drives 30 than described above. For example, instead of transferring 
data to the ten disk drives 30 in the active subsets 500, 502 described above, 
RAID-1, parity protection could be used. If RAID-1 is used, two disk drives 30 
are required for each active subset 500, 502. Because fewer disk drives 30 

10 are in the write/read mode, less heat is generated by the disk drives 30 during 
the transfer of data. While data throughput performance is reduced, the 
storage system 14 would be able to operate in higher ambient temperatures. 

A more complete discussion of Raid-0 through RAID-5 is provided in the 
paper entitled "A Case for Redundant Arrays of Inexpensive Disks (RAID)", by 

15 Patterson, Gibson, and Katz at the University of California Berkley, in 1987, the 
contents of which are incorporated herein by reference. 

The present invention can be designed to emulate and/or replace a tape 
drive storage system (not shown) having a first tape drive (not shown) and a 
second tape drive (not shown). More specifically, the first active subset 500 of 

20 disk drives 30 can emulate the first tape drive and the second active subset 
502 of disk drives 30 can emulate the second tape drive. 

If the storage system 14 is used to simulate a tape library, to begin a 
backup or restore operation, the backup software sends a MOVE MEDIUM 
command to the library to move* the cartridge from the storage element to the 

25 tape drive. Once the cartridge is in the tape drive, the backup software then 
sends a LOAD command to the tape drive. It is during this operation that the 
storage system 14 changes the state of the disk drives 30 in the active subsets 
500, 502 from standby mode to idle mode. As described before, when the disk 
drives 30 are in the idle mode, the disks are spinning. When the disk drives 30 

30 have transitioned to the idle mode, the storage system 14 acknowledges that 
the LOAD command is complete. The backup software can then transfer data 
to or from the storage system 14, depending on whether this is a backup or 
restore operation. 
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When the data is backed up to or restored from the storage system 14, 
the backup software issues an UNLOAD command to the tape drive in which 
the virtual cartridge is stored. At this time, the storage system 14 can leave the 
disk drives 30 in the standby state or can wait some amount of time, e.g. 10 
minutes to see if the next virtual cartridge that is commanded to be loaded into 
a tape drive is contained in the same active subset or not. The advantage of 
the former technique is that this reduces the power consumed by the storage 
system 14. The advantage of the latter technique is that this reduces the 
number of times that the active subsets of disk drives 30 transitions between 
the standby mode and idle mode. 

When backing up or restoring from tape drives, there is typically minutes 
of delay before the tape drives are ready to begin writing or reading data, 
compared to the 10 to 15 seconds of delay associated with spinning up the 
disk drives 30 required for the backup or restore operation with the present 
storage system 14. 

It should be noted that the present storage system 14 can be designed 
and used without emulating a tape backup system. 

While the particular storage system 14 as herein shown and disclosed in 
detail is fully capable of obtaining the objects and providing the advantages 
herein before stated, it is to be understood that it is merely illustrative of the 
presently preferred embodiments of the invention and that no limitations are 
intended to the details of construction or design herein shown other than as 
described in the appended claims. 
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